Introduction
============

Endometrial cancer (EC) is the sixth most common malignant tumor in females, accounting for \~76,000 deaths each year worldwide ([@b1-or-44-04-1343]). The incidence of EC increases as women get older, and the prognosis is poor ([@b2-or-44-04-1343]).

Long noncoding RNAs (lncRNAs) are a subclass of non-coding RNAs that are longer than 200 nucleotides ([@b3-or-44-04-1343]). Recently, increasing studies have revealed that lncRNAs participate in a series of biological processes, including tumor initiation, growth and metastasis at chromatin, genomic, transcription and post-transcription levels ([@b4-or-44-04-1343],[@b5-or-44-04-1343]). In EC, a number of lncRNAs have been revealed to be dysregulated and to participate in the pathogenesis of this disease ([@b6-or-44-04-1343],[@b7-or-44-04-1343]). Although a series of lncRNAs have been identified as having oncogenic or antitumor roles in EC development, there is still a large number of lncRNAs which may contribute to the progression of EC but have not been explored in-depth ([@b6-or-44-04-1343]). Thus, investigating the roles of important lncRNAs in EC progression may contribute to improving the early diagnosis rate and therapeutic effect.

microRNAs (miRNAs) are noncoding RNAs, with a length of \~22 nt. They suppress the target gene expression by recognizing and binding to the 3′UTR of target mRNAs and thereby leading to mRNA degradation ([@b8-or-44-04-1343]). miRNAs are known to function in multiple biological processes, including cancer initiation and development ([@b9-or-44-04-1343],[@b10-or-44-04-1343]). With regard to EC, a series of miRNAs have been reported to be dysregulated and involved in its progression ([@b11-or-44-04-1343]). For example, miR-1271, miR-361 and miR-124-3p inhibited EC development ([@b12-or-44-04-1343]--[@b14-or-44-04-1343]), whereas miR-944, miR-205 and miR-130b promoted EC progression ([@b15-or-44-04-1343]--[@b17-or-44-04-1343]). Therefore, miRNA-related diagnosis and therapy may be promising for EC treatment.

lncRNA titin-antisense RNA1 (TTN-AS1), transcribed from the antisense strand of TTN, is located on chromosome 2q12.2. Increasing studies have reported the upregulation and oncogenic function of TTN-AS1 in multiple cancer types, including hepatocellular carcinoma, esophageal, prostate and papillary thyroid cancer ([@b18-or-44-04-1343]--[@b21-or-44-04-1343]). However, the expression profile and specific effects of TTN-AS1 in EC remain unknown. In the present study, the expression of TTN-AS1 was explored in tissues from EC patients and the detailed participation of TTN-AS1 in EC cell proliferation, migration and invasion was determined. Moreover, an attempt was made to elucidate the underlying mechanisms.

Materials and methods
=====================

### Clinical samples

Forty-five paired EC tissue samples and adjacent normal ones were obtained from patients who received surgical resection at Quanzhou First Hospital Affiliated to Fujian Medical University from February 2017 to August 2019. None of them had received chemotherapy or radiotherapy. All patients were diagnosed as EC by histopathological evaluations. Informed written consent was obtained from all the patients. The protocol for the use of human samples of this study was approved by the Ethics Committee of Quanzhou First Hospital Affiliated to Fujian Medical University. Clinical characteristics of EC patients are listed in [Table I](#tI-or-44-04-1343){ref-type="table"}.

### Cell culture

EC cell lines (HEC1B, KLE, HEC1A and Ishikawa), human endometrial stromal cells (ESC; SHT290) and 293T cells were obtained from ATCC. Cells were cultured in DMEM containing 10% FBS (both from Gibco; Thermo Fisher Scientific, Inc.) at 37°C in a humidified atmosphere of 5% CO~2~.

### Transfection

Specific siRNA against TTN-AS1 (si-TTN-AS1), miR-376a-3p inhibitor, miR-376a-3p mimics and their corresponding negative controls (si-NC, miR-NC and miR-NC mimics) were purchased from Sangon Biotech Co., Ltd. Sequences are presented in [Table SI](#SD1-or-44-04-1343){ref-type="supplementary-material"}. Plasmids were transfected into HEC1A and Ishikawa using Lipo3000 (Invitrogen; Thermo Fisher Scientific Inc.), according to the manufacturer\'s instructions.

### RNA extraction and quantitative real-time PCR

TRIzol (Invitrogen; Thermo Fisher Scientific Inc.) was used to extract total RNA from cells or tissues. cDNA was synthesized from 1 µg RNA each sample by MML-V (Promega Corporation) and used as templets for qPCR. qPCR thermocycling conditions were as follows: 95°C for 1 min and 45 cycles of 94°C for 15 sec, 55°C for 20 sec, and 72°C for 30 sec. qPCR was carried out via SYBR Premix Ex Taq (Takara Bio, Inc.). β-actin was used as an internal control for TTN-AS1 and pumilio homolog 2 (PUM2), while U6 was used for miR-376a-3p. All data were analyzed using 2^−ΔΔCq^ method ([@b22-or-44-04-1343]). The sequences of the primers are presented in [Table II](#tII-or-44-04-1343){ref-type="table"}.

### CCK-8 assay

Transfected cells were seeded into 96-well plates at a density of 5×10^3^ cells/well. At each time-point (24, 48, 72 and 96 h), 8 µl of CCK-8 solution (Dojindo Molecular Technologies, Inc.) was added in each well. After 2 h, the absorbance was measured at 450 nm on a microplate reader.

### Flow cytometry

The apoptosis of cells was detected by Apoptosis Detection kit (Sigma-Aldrich; Merck KGaA). Forty-eight hours after transfection, the cells (2×10^5^ cells/well) were harvested from 6-well plates. Binding buffer (100 µl), 5 µl of Annexin V-FITC reagent and 5 µl of a PI solution was added to each well. Cells were incubated for 20 min in the dark. The apoptosis of cells was then analyzed by a flow cytometer.

### Transwell assays

Transwell chambers (Corning, Inc.) were used to assess the migration and invasion of cells. For the migration assay, transfected cells were seeded in the upper chamber (2.5×10^4^ cells) containing RPMI-1640 medium (Hyclone; GE Healthcare). Complete medium (RPMI-1640 containing 10% FBS) was added to the bottom chamber. Twenty-four hours later, the cells were washed away. Then, 20% methanol and 0.5% crystal violet were added to the bottom chamber for 20 min at room temperature. A light microscope (X7; Nikon Corporation) was used to obtain images and migration cells were counted from 5 randomly-selected fields. For the invasion assay, except for the 50-µl of Matrigel that was added to the upper chamber, the other steps were the same as the migration assay.

Targets prediction. Starbase 2.0 software (<http://starbase.sysu.edu.cn/starbase2/index.php>) was used to predict potential miRNA targets of lncRNA TTN-AS1 ([@b23-or-44-04-1343]). TargetScan Software (<http://www.targetscan.org/mamm_31/>) was used to predict potential targets of miR-376a-3p.

### Luciferase reporter assay

Sequences containing wild-type or mutant sites were inserted into pGL3 luciferase reporter vector (Promega Corporation), forming plasmids: TTN-AS1 wt, TTN-AS1 mut, PUM2 3′UTR wt and PUM2 3′UTR mut. TTN-AS1 wt or TTN-AS1 mut was co-transfected with miR-376a-3p mimics or miR-NC mimics. Luciferase activity was measured after 48 h. In the same manner, PUM2 3′UTR wt or PUM2 3′UTR mut was co-transfected with miR-376a-3p mimics or miR-NC mimics, and luciferase activity was analyzed 48 h later with *Renilla a*s normalization control.

### RNA immunoprecipitation (RIP)

RIP was carried out using Imprint RNA Immunoprecipitation kit (Sigma-Aldrich; Merck KGaA). In brief, cell lysates were incubated with beads supplemented with IgG or Ago2 antibody at 4°C overnight. The beads were collected for western blotting and qPCR.

### Western blotting

Proteins were isolated from tissues or cells using RIPA (Sigma-Aldrich; Merck KGaA). After quantification with a BCA Assay Kit (Thermo Fisher Scientific, Inc.), equal proteins (10 µg) of each sample were loaded and separated by 10% PAGE and transferred onto PVDF membranes (EMD Millipore). The membranes were blocked with 5% non-fat milk for 1 h and then incubated with primary antibodies against Ago2 (1:500; product code ab186733; Abcam), PUM2 (1:500; product code ab92390; Abcam), cleaved caspase-3 (1:500; product no. 9662; Cell Signaling Technology, Inc.), cleaved PARP (1:500; product no. 5625; Cell Signaling Technology, Inc.) and GAPDH (1:2,000; cat. no. D190090-0200; Sangon Biotech Co., Ltd.) at 4°C overnight. After washing three times, the protein blots were treated with an HRP-conjugated streptavidin secondary antibody (1:1,000; cat. no. D111054; Sangon Biotech Co., Ltd.) for 1 h at room temperature. An ECL detection kit (Beyotime Institute of Biotechnology) was used to visualize the signals. ImageJ software (V1.8.0; National Institutes of Health) was used for densitometry.

### Immunohistochemical staining

Tumor tissue was sectioned into 6-µm thick slices and treated with antibody against Ki-67 (1:1,000; product code ab15580; Abcam) at 4°C overnight. Followed by multiple washes, the samples were incubated with avidin-labeled HRP (Cell Signaling Technology, Inc.) for 2 h at room temperature. The EnVision system (Dako; Agilent Technologies, Inc.) was used to visualize the immunostaining signals. Each sample was analyzed from five randomly-selected visual fields.

### Animal model establishment

Female BALB/C nude mice (4 weeks old, \~16 g) were provided by Shanghai Experimental Animal Center of the Chinese Academy of Sciences. Mice were maintained at \~22°C in a relative humidity of 40--70% with a 12-h light/dark cycle and access to food and water *ad libitum*. HEC1A cells (1×10^6^) stably transfected with sh-TTN-AS1 or sh-NC were injected into the right flanks of nude mice (5 mice each group). The tumor size was monitored weekly for 5 weeks. Thirty-five days after injection of transfected HEC1A cells, the mice were anesthetized by intraperitoneal injection with 10% chloral hydrate (300 mg/kg), and then euthanized by cervical dislocation. A total of 10 mice were used for this experiment (5 mice/group), and all the 10 mice were euthanized. Before euthanasia, no mouse was found dead. No mouse exhibited signs of peritonitis following the administration of 10% chloral hydrate. Death was confirmed by cardiac arrest and pupil enlargement. Subsequently, the tumors were removed for weight measurement as well as other assessments. The protocol involving the use of animals was authorized by the Ethics Committee of Quanzhou First Hospital Affiliated to Fujian Medical University.

### Statistical analysis

Data are expressed as the mean ± standard error of the mean (SEM) and each experiment was repeated at least three times. Differences between two groups were analyzed by Student\'s t-test and comparisons among more than two groups were analyzed by one-way ANOVA followed by the Bonferroni post hoc test. The correlations between TTN-AS1 and miR-376a-3p, miR-376a-3p and PUM2, TTN-AS1 and PUM2 were analyzed by Pearson\'s correlation analysis. Kaplan-Meier and log-rank testing were performed for survival analysis. P\<0.05 was considered to indicate a statistically significant difference.

Results
=======

### Expression patterns of TTN-AS1 in EC tissues and cell lines

To elucidate the role of TTN-AS1 in EC, its expression file was assessed. Both in EC tissues and cell lines, TTN-AS1 exhibited higher expression levels compared with that in normal groups ([Fig. 1A and B](#f1-or-44-04-1343){ref-type="fig"}). In addition, it was revealed that a high level of TTN-AS1 was associated with shorter overall survival ([Fig. 1C](#f1-or-44-04-1343){ref-type="fig"}), as well as tumor size, FIGO stage and lymph-node metastasis ([Table I](#tI-or-44-04-1343){ref-type="table"}).

### Effects of TTN-AS1 in EC cell proliferation and metastasis

To determine whether TTN-AS1 exerted a promoting function in EC development, functional experiments were perform using siRNAs. It was demonstrated as revealed by [Fig. 2A](#f2-or-44-04-1343){ref-type="fig"} that transfection of siRNAs (si-TTN-AS1\#1 and si-TTN-AS1\#2) suppressed TTN-AS1 expression in HEC1A and Ishikawa cells. Since si-TTN-AS1\#2 exhibited a higher inhibitory effect it was selected for the following experiments. si-TTN-AS1 or negative control (si-NC) was transfected into the HEC1A and Ishikawa cell lines. Functional experiments revealed that depletion of TTN-AS1 resulted in reduced cell proliferation ([Fig. 2B](#f2-or-44-04-1343){ref-type="fig"}), migration ([Fig. 2E](#f2-or-44-04-1343){ref-type="fig"}) and invasion ([Fig. 2F](#f2-or-44-04-1343){ref-type="fig"}). In addition, flow cytometric experiments demonstrated that knockdown of TTN-AS1 increased the cell apoptotic rate ([Fig. 2C](#f2-or-44-04-1343){ref-type="fig"}), and western blotting revealed that cleaved caspase-3 and cleaved PARP were also upregulated upon TTN-AS1 depletion ([Fig. 2D](#f2-or-44-04-1343){ref-type="fig"}). The results indicated that TTN-AS1 promoted EC cell growth and metastasis *in vitro*.

### TTN-AS1 directly interacts with miR-376a-3p

To explore the underlying mechanism, StarBase 2.0 was used to find the potential binding sites between TTN-AS1 and miR-376a-3p ([Fig. 3A](#f3-or-44-04-1343){ref-type="fig"}). In the present, 16 miRNAs were predicted as potential targets of TTN-AS1 by StarBase software ([Table SII](#SD1-or-44-04-1343){ref-type="supplementary-material"}), and the predicted top 10 miRNAs were verified by luciferase reporter activity assay, and it was revealed that 6 miRNAs including miR-376a-3p were significantly regulated by TTN-AS1 (data not shown). Subsequently, luciferase reporter assay revealed significantly reduced luciferase activity of TTN-AS1 wild-type (TTN-AS1 wt) vector, confirming the prediction ([Fig. 3B](#f3-or-44-04-1343){ref-type="fig"}). miR-376a-3p was increased with TTN-AS1 knockdown, while TTN-AS1 was decreased with miR-376a-3p overexpression ([Fig. 3C and D](#f3-or-44-04-1343){ref-type="fig"}). Additionally, anti-Ago2 RIP assay demonstrated that TTN-AS1 and miR-376a-3p directly interacted in the Ago2 complex ([Fig. 3E](#f3-or-44-04-1343){ref-type="fig"}). *In vivo*, the expression profile of miR-376a-3p in tissues was assessed, and the results revealed that the level of miR-376a-3p was lower in EC tissues than in normal tissues ([Fig. 3F](#f3-or-44-04-1343){ref-type="fig"}). Furthermore, the relationship between TTN-AS1 and miR-376a-3p was investigated, and the results revealed that miR-376a-3p was negatively correlated with TTN-AS1 in EC tissues ([Fig. 3G](#f3-or-44-04-1343){ref-type="fig"}).

### miR-376a-3p mediates TTN-AS1-regulated EC development

Whether TTN-AS1 modulated EC cell behavior through miR-376a-3p was furtherly explored. As revealed in [Fig. 4A](#f4-or-44-04-1343){ref-type="fig"}, miR-376a-3p inhibitor significantly knocked down the miR-376a-3p expression level. Subsequently, miR-376a-3p inhibitor or miR-NC was co-transfected with si-TTN-AS1 or si-NC. Rescue experiments revealed that miR-376a-3p inhibitor could reverse the si-TTN-AS1-induced inhibitory effects on cell proliferation ([Fig. 4B](#f4-or-44-04-1343){ref-type="fig"}), migration ([Fig. 4E and G](#f4-or-44-04-1343){ref-type="fig"}) and invasion ([Fig. 4F and G](#f4-or-44-04-1343){ref-type="fig"}). Moreover, the increased apoptotic rate, cleaved caspase-3 expression and cleaved PARP expression induced by si-TTN-AS1 could also be mitigated by miR-376a-3p inhibitor ([Fig. 4C, D and G](#f4-or-44-04-1343){ref-type="fig"}).

### miR-376a-3p targets PUM2 directly

TargetScan was used to predict potential targets of miR-376a-3p. PUM2 ranked third among the numerous predicted genes presented in [Table SIII](#SD1-or-44-04-1343){ref-type="supplementary-material"}, which indicated it was more likely to be the real target gene. The predicted top 5 miRNAs were verified by luciferase reporter activity assay, and 3 miRNAs including PUM2 were revealed to be downregulated by miR-376a-3p (data not shown). [Fig. 5A](#f5-or-44-04-1343){ref-type="fig"} presents the interacting sequences of miR-376a-3p and PUM2, and a luciferase reporter assay was carried out to verify this interaction ([Fig. 5B](#f5-or-44-04-1343){ref-type="fig"}). In addition, PUM2 mRNA and protein were downregulated upon miR-376a-3p overexpression ([Fig. 5C and D](#f5-or-44-04-1343){ref-type="fig"}). *In vivo*, the expression level of PUM2 was higher in EC tissues than in normal tissues ([Fig. 5E](#f5-or-44-04-1343){ref-type="fig"}). Furthermore, PUM2 was negatively correlated with miR-376a-3p in EC tissues ([Fig. 5F](#f5-or-44-04-1343){ref-type="fig"}).

### PUM2 is upregulated by TTN-AS1 via miR-376a-3p

miR-376a-3p inhibitor or miR-NC was co-transfected with si-TTN-AS1, and the expression level of PUM2 was detected. As revealed in [Fig. 6A](#f6-or-44-04-1343){ref-type="fig"}, depletion of TTN-AS1 induced a significant downregulation of the mRNA expression level of PUM2, while miR-376a-3p inhibitor partially reversed this reduction. A similar result was observed in the protein expression level of PUM2 ([Fig. 6B and C](#f6-or-44-04-1343){ref-type="fig"}). *In vivo*, PUM2 was positively correlated with TTN-AS1 in EC tissues ([Fig. 6D](#f6-or-44-04-1343){ref-type="fig"}).

### Depletion of TTN-AS1 restrains tumor growth in vivo

An *in vivo* study was performed by establishing xenograft models. HEC1A cells stably transfected with sh-TTN-AS1 or sh-NC were inoculated into female nude mice. After the tumor size was measured weekly for 5 weeks, the mice were sacrificed for tumor weight measurement as well as other assessments. As revealed in [Fig. 7A](#f7-or-44-04-1343){ref-type="fig"}, tumors in the TTN-AS1-depleted mice were smaller than those in the control group. Consistently, tumors in sh-TTN-AS1 injected mice were lighter than those in the sh-NC injected mice ([Fig. 7B](#f7-or-44-04-1343){ref-type="fig"}). The protein expression levels of cleaved caspase-3 and cleaved PARP were also increased in TTN-AS1-depleted mice ([Fig. 7C](#f7-or-44-04-1343){ref-type="fig"}). Additionally, the expression levels of miR-376a-3p, PUM2 and Ki67 were also detected. Results demonstrated that miR-376a-3p was upregulated upon TTN-AS1 depletion ([Fig. 7D](#f7-or-44-04-1343){ref-type="fig"}), while PUM2 was downregulated ([Fig. 7E](#f7-or-44-04-1343){ref-type="fig"}). Ki67, a marker of cell proliferation, was also decreased by TTN-AS1 depletion ([Fig. 7F](#f7-or-44-04-1343){ref-type="fig"}). All these results were consistent with the *in vitro* findings.

Discussion
==========

Increasing evidence has demonstrated that lncRNAs are involved in the development of EC. For example, Zhang *et al* revealed that overexpressed H19 markedly promoted EC cell proliferation by competing with miR-612 thereby regulating HOXA10 ([@b24-or-44-04-1343]). Wang *et al* determined that NR2F-AS1 positively modulated SOX4 to regulate EC progression by sponging miR-363 ([@b25-or-44-04-1343]). Yu *et al* demonstrated that low expression of CCAT1 in EC tissues and cell lines may promote EC cell proliferation and invasion by targeting miR-181a-5p ([@b26-or-44-04-1343]). These studies indicated that lncRNAs usually exhibited oncogenic or antitumor roles by sponging miRNAs in EC. Previous studies have revealed that TTN-AS1 promoted cell proliferation in various cancers. For instance, TTN-AS1 was expressed at a high level in hepatocellular tissues and could aggravate hepatocellular carcinoma by sponging miR-127 and regulating the Wnt/β-catenin signaling pathway ([@b27-or-44-04-1343]). TTN-AS1 enhanced lung cancer progression by regulating the PTEN/PI3K/AKT signaling pathway ([@b28-or-44-04-1343]). TTN-AS1 upregulation was revealed to drive gastric cancer progression by targeting miR-376b-3p ([@b29-or-44-04-1343]). Additionally, TTN-AS1 was reported to promote the proliferation of esophageal squamous cell carcinoma, cervical cancer and papillary thyroid cancer ([@b18-or-44-04-1343],[@b19-or-44-04-1343],[@b30-or-44-04-1343]). In the present study, the upregulated expression levels of TTN-AS1 in EC tissues was first assessed. Consistently, the TTN-AS1 expression was also observed to be highly expressed in EC cell lines, compared with that in normal endometrial cells. Moreover, high levels of TTN-AS1 were revealed to be associated with poor clinicopathological characteristics and survival rate. Furthermore, functional experiments demonstrated that knockdown of TTN-AS1 suppressed EC cell proliferation both *in vitro* and *in vivo*. In addition, TTN-AS1 knockdown inhibited the migration and invasion of EC cells. These observations indicated that TTN-AS1 may play an oncogenic role in EC progression.

Subsequently, the mechanisms of TTN-AS1-regulated EC progression were explored. A previous review study revealed that lncRNAs exert effects by sponging corresponding microRNAs ([@b31-or-44-04-1343]). In the present study, 16 miRNAs were predicted as potential targets of TTN-AS1 by StarBase software, and miR-376a-3p was selected for further study. miR-376a-3p instead of other potential targets was selected for the following two reasons: Firstly, the predicted top 10 miRNAs were verified by luciferase reporter activity assay, and it was revealed that 6 miRNAs including miR-376a-3p were significantly regulated by TTN-AS1. Secondly, miR-376a-3p has been identified as a tumor suppressor in a series of cancer types ([@b32-or-44-04-1343]--[@b34-or-44-04-1343]). However, the other 5 miRNAs have not been reported to be related in the development of multiple cancer types. Based on these aforementioned reasons, miR-376a-3p was selected for investigation. As an important miRNA, miR-376a-3p has been revealed to function as a tumor suppressor in renal tumor development by targeting SGK3 ([@b32-or-44-04-1343]). miR-376a-3p was lowly expressed in osteosarcoma cell lines, and inhibited cell proliferation and invasion by silencing FBXO11 expression ([@b34-or-44-04-1343]). Serum miR-376a-3p expression was revealed to be markedly higher in ovarian cancer patients in comparison with that in healthy ones, and miR-376-3p was identified as a biomarker of ovarian cancer diagnosis and treatment ([@b33-or-44-04-1343]). In addition, overexpression of miR-376a-3p could aggravate tumor development in prostate cancer, giant cell tumor of bone, melanoma and breast cancer ([@b35-or-44-04-1343]--[@b38-or-44-04-1343]). Although the tumor suppressive effects of miR-376a-3p have been reported in multiple cancers, the role of miR-376a-3p in EC has not been explored. In the present study, it was revealed that TTN-AS1 acted as a ceRNA for miR-376a-3p, and TTN-AS1 was negatively correlated with miR-376a-3p in EC tissues. Moreover, it was observed that miR-376a-3p was lowly expressed in EC tissues, compared with that in adjacent non-cancer tissues. Thus, it was speculated that miR-376a-3p may be involved in TTN-AS1-regulated EC development. In addition, rescue experiments were performed, and it was determined that transfection of miR-376a-3p inhibitor could partially reverse the TTN-AS1 induced inhibitory effects on EC cell proliferation, migration and invasion.

Moreover, miRNAs are known to function by targeting mRNAs. miR-376a-3p was revealed to exhibit anticancer effects in a series of cancers via targeting mRNAs. For example, miR-376a-3p inhibited cell proliferation and metastasis in breast cancer by targeting neuropillin-1 NR ([@b39-or-44-04-1343]). Other tumor-related genes, which were regulated by miR-376a-3p, included c-Myc in lung cancer, IGF-1 in melanoma and H3K9 hepatocellular carcinoma ([@b37-or-44-04-1343],[@b40-or-44-04-1343],[@b41-or-44-04-1343]). Thus, we predicted the target genes of miR-376a-3p by TargetScan and focused on PUM2. We were interested in PUM2 for the following three reasons: Firstly, PUM2 ranked third among the numerous predicted genes, which indicated it was more likely to be the real target gene. Secondly, the predicted top 5 miRNAs were verified by luciferase reporter activity assay, and 3 miRNAs including PUM2 were revealed to be downregulated by miR-376a-3p. Thirdly, PUM2 was reported to promote cell proliferation and metastasis in several cancer types ([@b38-or-44-04-1343],[@b42-or-44-04-1343]). However, the other 2 miRNAs were not reported to be involved in cancer pathology and were therefore not selected. PUM2, is an RNA binding protein. Approximately 1,000 different mRNAs were identified containing the core PUM2 binding motif, which indicated that PUM2 acted as a regulator in a wide range of areas, including cell proliferation ([@b43-or-44-04-1343]). Zhang *et al* revealed that PUM2 could downregulate hundreds of mRNAs by binding with their 3′UTRs, thus regulating cell proliferation, differentiation and invasion ([@b44-or-44-04-1343]). PUM2 enhanced the stemness of breast cancer cells by interacting with NRP-1 ([@b38-or-44-04-1343]). Knockdown of PUM2 suppressed the proliferation and invasion of glioblastoma cells by regulating BTG1 expression ([@b42-or-44-04-1343]). Moreover, PUM2 has also been revealed to be involved in the progression of osteosarcoma ([@b45-or-44-04-1343]). However, the role of PUM2 in EC has not been demonstrated. In the present study, evidence was provided that PUM2 was a target of miR-376a-3p using TargetScan and luciferase reporter assay. Furthermore, qPCR revealed that PUM2 was positively associated with TTN-AS1 in EC tissues. Additionally, TTN-AS1 could positively regulate PUM2 via miR-376a-3p, indicating the involved mechanism of the TTN-AS1/miR-376a-3p/PUM2 axis.

In the present study, the upregulation of TTN-AS1 in EC tissues was demonstrated and the oncogenic effects of TTN-AS1 on EC cell proliferation, migration and invasion were studied. With the help of informatics tools, miR-376a-3p was revealed to be targeted by TTN-AS1 and this was confirmed via RIP assay. In addition, miR-376a-3p was revealed to target PUM2 using TargetScan. Therefore, it was speculated that TTN-AS1 may promote the development of EC by upregulating PUM2 via sponging of miR-376a-3p.

In summary, the present study demonstrated that TTN-AS1 was overexpressed and acted as an oncogene in EC. TTN-AS1 could upregulate PUM2 expression via sponging of miR-376a-3p, thus promoting EC progression. This finding may provide a novel approach for EC therapy.
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![Upregulation of TTN-AS1 in EC tissues and cell lines. (A) TTN-AS1 expression levels in EC tissues (n=45) and corresponding normal tissues (n=45) were determined by qRT-PCR. (B) The expression levels of TTN-AS1 in EC cell lines (HEC1B, KLE, HEC1A and Ishikawa) and ESC were determined by qRT-PCR. (C) Association between TTN-AS1 expression and overall survival of EC patients was analyzed by Kaplan-Meier curve test. \*\*P\<0.01. TTN-AS1, titin-antisense RNA1; EC, endometrial cancer; ESC, endometrial stromal cells.](OR-44-04-1343-g00){#f1-or-44-04-1343}

![Depletion of TTN-AS1 restrains EC cell proliferation, migration and invasion. (A) TTN-AS1 expression was detected by qRT-PCR with transfection of si-RNAs (si-TTN-AS1\#1 and si-TTN-AS1\#2). After transfection with si-TTN-AS1 or negative control (si-NC), (B) a CCK-8 assay was performed to assess the cell viability, (C) flow cytometry was used to evaluate the apoptotic rate and (D) western blotting was performed to detect the protein expression levels of cleaved caspase-3 and cleaved PARP. (E and F) Transwell assays were performed to assess the cell migration and invasion abilities. \*\*P\<0.01. TTN-AS1, titin-antisense RNA1; EC, endometrial cancer.](OR-44-04-1343-g01){#f2-or-44-04-1343}

![TTN-AS1 sponges miR-376a-3p. (A) Starbase 2.0 revealed the interacting sequences of TTN-AS1 and miR-376a-3p. (B) A luciferase reporter assay was carried out to validate the binding sites. (C) miR-376a-3p expression was assessed by qRT-PCR with si-TTN-AS1 transfection. (D) TTN-AS1 expression was assessed by qRT-PCR with miR-376a-3p overexpression. (E) Anti-Ago2 RIP was used to detected the direct interactions between TTN-AS1 and miR-376a-3p. (F) miR-376a expression in EC tissues and normal tissues was assessed by qRT-PCR. (G) Correlation analysis of the relationship between miR-376a-3p and TTN-AS1 expression in EC tissues. \*\*P\<0.01. TTN-AS1, titin-antisense RNA1.](OR-44-04-1343-g02){#f3-or-44-04-1343}

![miR-376a-3p mediates the suppressive effects on EC cells induced by si-TTN-AS1. (A) qRT-PCR was used to assess miR-376a-3p expression with miR-376a inhibitor transfection. si-TTN-AS1 was co-transfected with miR-376a-3p inhibitor or negative control (miR-NC), and then (B) a CCK-8 assay was performed to assess the cell viability, (C) flow cytometry was used to evaluate the apoptotic rate and (D) western blotting was performed to detect the protein expression levels of cleaved caspase-3 and cleaved PARP. (E and F) A Transwell assay was carried out to assess the cell migration and invasion abilities. (G) Quantitative analysis of C-F, respectively. \*\*P\<0.01 vs. the si-NC+miR-NC group; ^\#\#^P\<0.01 vs. the si-TTN-AS1+miR-NC group. TTN-AS1, titin-antisense RNA1.](OR-44-04-1343-g03){#f4-or-44-04-1343}

![PUM2 is targeted by miR-376a-3p. (A) TargetScan revealed the interacting sequences of miR-376a-3p and PUM2. (B) A luciferase reporter assay was carried out to validate the binding sites. PUM2 expression was assessed by (C) qRT-PCR and (D) western blotting with miR-376a-3p overexpression. (E) PUM2 expression in EC tissues and normal tissues was assessed by qRT-PCR. (F) Correlation analysis of the relationship between PUM2 and miR-376a-3p expression in EC tissues. \*\*P\<0.01. PUM2, pumilio homolog 2; EC, endometrial cancer.](OR-44-04-1343-g04){#f5-or-44-04-1343}

![TTN-AS1 regulates PUM2 by targeting miR-376a-3p. si-TTN-AS1 was co-transfected with miR-NC or miR-376a-3p inhibitor, and then (A) qPCR was performed to determine the mRNA expression level of PUM2. (B and C) Western blotting was used to determine the protein expression level of PUM2. (D) Correlation analysis of relationship between PUM2 and TTN-AS1 expression in EC tissues. \*\*P\<0.01 vs. si-NC+miR-NC group; ^\#\#^P\<0.01 vs. the si-TTN-AS1+miR-NC group. TTN-AS1, titin-antisense RNA1; PUM2, pumilio homolog 2; EC, endometrial cancer.](OR-44-04-1343-g05){#f6-or-44-04-1343}

![Depletion of TTN-AS1 restrains tumor growth via the miR-376a-3p/PUM2 axis *in vivo*. sh-TTN-AS1 or sh-NC transfected HEC1A cells were injected into nude mice, and (A) the tumor size was assessed weekly. (B) The tumor weight was assessed 5 weeks after treatment. (C) The protein expression levels of cleaved caspase-3 and cleaved PARP were determined by western blotting. (D) miR-376a-3p was assessed by qRT-PCR. (E) PUM2 protein level was assessed by western blotting. (F) Ki-67 was detected by immunohistochemical staining. \*\*P\<0.01. TTN-AS1, titin-antisense RNA1; PUM2, pumilio homolog 2.](OR-44-04-1343-g06){#f7-or-44-04-1343}

###### 

Characteristics of endometrial cancer patients.

                               TTN-AS1 expression        
  ----------------------- ---- -------------------- ---- ------------------------------------------------------
  Age (years)                                            
    ≥50                   33   24                   9    0.523
    \<50                  12   6                    6    
  Tumor size (cm)                                        
    ≥4                    26   18                   8    0.013^[a](#tfn1-or-44-04-1343){ref-type="table-fn"}^
    \<4                   19   12                   7    
  FIGO stage                                             
    III--IV               18   11                   7    0.024^[a](#tfn1-or-44-04-1343){ref-type="table-fn"}^
    I--II                 27   19                   8    
  Lymph-node metastasis                                  
    Yes                   21   15                   6    0.019^[a](#tfn1-or-44-04-1343){ref-type="table-fn"}^
    No                    24   15                   9    
  Histological grade                                     
    Well                  25   15                   10   0.521
    Moderately/poorly     20   15                   5    

P\<0.05 represents a statistically significant difference.

###### 

Primers of qRT-PCR.

  Gene          Primers     
  ------------- ----------- ---------------------------------
  TTN-AS1       Forward     5′-CGGGAACAAGCCCTGTG-3′
                Reverse     5′-CCGGCCCAAAGATGATG-3′
  miR-376a-3p   Stem-loop   5′-GTCGTATCCAGTGCAGGGTCCGAGG
                RT primer   TATTCGCACTGGATACGACTAGTAT-3′
                Forward     5′-TGCACCTAAAAGGAG-3′
                Reverse     5′-GTGCAGGGTCCGAGGT-3′
  PUM2          Forward     5′-AGGACTTGCACAAGCAGAAC-3′
                Reverse     5′-GTTGGCGTACACGGGCGGCT-3′
  β-actin       Forward     5′-AGCCACATCGCTCAGACAC-3′
                Reverse     5′-GCCCAATACGACCAAATCC-3′
  U6            Forward     5′-GCTTCGGCAGCACATATACTAAAAT-3′
                Reverse     5′-CGCTTCACGAATTTGCGTGTCAT-3′

TTN-AS1, titin-antisense RNA1; PUM2, pumilio homolog 2.

[^1]: Contributed equally
